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Abstract
The diﬀerential cross-section measurements of inclusive photon production, photon+jet production, diphoton pro-
duction, and the diﬀerential cross-section ratio of Z/γ∗+jet over γ+jet in proton-proton (pp) collisions based on data
recorded by the CMS detector at the LHC are presented. The associated production of a photon and one or more jets
in pp collisions represents a direct probe of the hard QCD interaction, is sensitive to gluon densities in the proton and
is a major source of background to Standard Model searches. The measured distributions, corrected for eﬃciencies
and unfolded to generator level, are compared with theoretical predictions.
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1. Introduction
The diﬀerential cross-section measurements of inclu-
sive photon production, photon+jet production at 8 TeV,
the diphoton production at 7 TeV, and the diﬀerential
cross-section ratio of Z/γ∗+jet over γ+jet at 8 TeV
based on data recorded by the CMS [1] detector are pre-
sented.
The measurement of the photon production cross-
section represents a very sensitive test of perturbative
quantum chromodynamics (pQCD). The main contri-
bution to the photon production in pp collisions at the
LHC energies (7 TeV, 8 TeV) is the quark-gluon (qg)
Compton-scattering at leading order (LO). Neverthe-
less, some region of the phase space receive important
contributions from fragmentation photons, and the an-
nihilation terms.
Photons represent a source of background for several
new physics searches. Measuring the cross-section ra-
tio diﬀerentially in pT of the Z+jet over the γ+jet pro-
cesses, allows to establish the existence of a plateau,
that it is supposed to be reached in the ultrarelativistic
range, where pZT  mZ [2]. This plateau is sensitive to
the parton distribution functions (pdf) composition and
it is used in new physics searches to evaluate the irre-
ducible background of invisible decays of the Z-boson.
The Z →  is a proxy for calibration of the Z → νν¯
process, and γ+jet is used to extrapolate the Z spectrum
where the leptonic decays of the Z don’t have enough
statistics, like high pT or high HT. High order quantum
chromodynamics (QCD) and/or electroweak (EW) cor-
rections may induce deviation from the ﬂatness of the
plateau, making this measurement useful also for higher
order Monte Carlo generators.
Some regions of the diphoton production phase-space
are essentially forbidden at the lowest order in pertur-
bative expansion (e.g. low diphoton invariant mass re-
gion). Its large sensitivity to the next-to-leading order
(NLO) and next-to-next-to-leading-order (NNLO) con-
tributions makes it an important source of experimental
input for the pQCD calculations.
2. Background Estimation
The main diﬃculty in performing a photon analysis
resides in the background evaluation. The main source
of background is the decays of neutral hadrons to pair
of collimated photons that are reconstructed as a single
electromagnetic cluster in the calorimeter.
The evaluation of this background relies on two
classes of variables: isolations and shower-shapes.
The isolation variables integrates the energy deposited
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around the photon object. Thanks to the excellent per-
formance of the particle ﬂow event reconstruction [3], it
is possible to perform the computation of the isolation
separating the contribution of charged particles, neu-
tral hadrons, and soft photon candidates. The shower-
shape variables aims to characterize the photon electro-
magnetic shower. The variable used in this analysis is
σiηiη [4], which measures the extension of the shower in
pseudorapidity with the energy weighted spread within
the 5x5 crystal matrix around the most energetic crystal.
The signal and the background event yields are deter-
mined by template ﬁts to the isolation distributions. A
dedicated technique has been developed to extract both
the signal and background templates from data.
The signal template is constructed using the random-
cone technique: for each selected photon, the particle-
ﬂow isolation variable, removing the foot-print of the
photon, is calculated both around the photon candidate,
and in an “empty” region of detector, chosen by rotating
the isolation cone at the same pseudorapidity [5]. The
region is checked to be free from hard objects like jets
above a given threshold. Figure 1 shows data - Monte
Carlo agreement for the signal templates obtained with
the random-cone.
The data-driven estimation of the background tem-
plate is performed inverting the shower-shape require-
ment on the σiηiη variable (see ﬁgure 1).
The diﬀerence between the templates extracted using
Monte Carlo truth information and the ones extracted
from applying the methods to simulated objects, and the
small correlations between the shower-shape and isola-
tion variables, are considered as systematic uncertain-
ties of this method.
For the diphoton measurements a two-dimensional ﬁt
is performed to correctly take into account the correla-
tion induced by the pile-up activity in the two photon
isolation cones.
3. Diphoton Results at 7 TeV
The results of the diphoton diﬀerential cross-section
measurements are presented in ﬁgure 2 [5], the in-
variant mass of the diphoton system is shown (mγγ),
its transverse momentum (pγγT ) and the azimuthal an-
gle between the two photons (Δφγγ). Results are com-
pared to DIPHOX+GAMMA2MC [6, 7], 2γNNLO [8],
SHERPA [9], and RESBOS [10]. An asymmetric re-
quirement on the transverse momentum of the two
photons(pγ1T > 40GeV, p
γ2
T > 25GeV), induces the kink
visible in the pγγT distribution. All diﬀerential distribu-
tions are well reproduced by the NNLO theory predic-
tions.
4. Photon + jet at 8 TeV
The photon plus jet cross-section measurement is pre-
sented for the 8 TeV data [11]. The spectra are measured
diﬀerentially in the number of jets and for diﬀerent HT
requirements. The results are compared to MadGraph
simulation (multi-leg LO). The slope is consistent with
what observed for the Z+jet events (where the Z inclu-
sive cross-section is taken from the NNLO predictions).
Figure 3 shows the photon cross-section compared to
Monte Carlo predictions for Njets ≥ 1, and the Monte
Carlo over data ratio for Njets ≥ 1, Njets ≥ 2, and
HT > 300GeV.
The cross-section ratios with respect to the diﬀerent
number of jets are also presented. Figure 4 shows the
diﬀerential cross-section ratio for Njets ≥ 2 over the
Njets ≥ 1, and the data-MC ratio (for this ratio), as well
as for the Njets ≥ 3/Njets ≥ 2.
5. Z+jet over photon+jet Cross section ratio
The measurement of the Z+jets over the photon+jets
cross-section ratio, is presented diﬀerentially in pT and
Njets and for diﬀerent HT requirements [11].
The cross-section ratio for Njets ≥ 1, is presented
together with data-MC comparison requiring Njets ≥ 2,
HT > 300GeV, and Njets ≥ 3.
MadGraph correctly reproduces the shape of the
Z+jet over photon+jet cross-section ratio, but it over-
estimated the integral value by about 20%. Within the
present statistical uncertainty it also well describes the
data even when applying diﬀerent requirements on the
extra hadronic activity in the event.
6. Conclusions
The photon+jet diﬀerential cross-section at
√
s = 8
TeV, the diphoton diﬀerential cross-section at 7 TeV,
the cross-section ratios with increasing multiplicities in
γ+jet events at 8 TeV, and the Z/γ∗ over photon cross-
section ratio diﬀerentially in the boson transverse mo-
mentum have been presented. The diphoton measure-
ments shows the importance of the NNLO to correctly
predict the diphoton cross-section especially at low in-
variant mass. The Z+jets to γ+jets cross-section ratio
shows that the shape of the distribution is well predicted
by multi-leg LO Monte Carlo, even though the total rate
is overestimated by about 20%.
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Figure 1: Left: Comparison of prompt photon (signal) templates in data and simulation: prompt photon in the simulations (squares), prompt photon
templates extracted with the random cone technique from simulations (triangles) and from data (dots), for candidates in the ECAL barrel. Right:
Comparison of non-prompt photon (background) templates in data and simulations: non-prompt photons in the simulations (squares), non-prompt
photon templates extracted with the side-band technique from simulations (triangles) and from data (dots), for candidates in the ECAL barrel. All
histograms are normalized to unit area.
Figure 2: The comparisons of the diﬀerential cross-section between data and the DIPHOX + GAMMA2MC, and 2NNLO predictions. Black dots
correspond to data with error bars including statistical and systematic uncertainties. Renormalization and factorization scale variations and PDF
variations are included as systematics uncertainties in DIPHOX+GAMMA2MC. The same is done for 2gNNLO but neglecting the PDF variations.
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Figure 3: The γ diﬀerential transverse momentum cross-section in an inclusive γ + jets, Njets ≥ 1 (Left), Njets ≥ 2 (Right Top) and HT > 300
GeV (Right Bottom) selections for central rapidity |yγ | < 1.4 in data compared with prediction from MadGraph5.1.3.30+Pythia6.4.26. The hatched
(grey) band represents the total uncertainty on the measurement, while the error bars show the statistical uncertainty. The shaded bands around
MC/data ratios of MadGraph represent the statistical uncertainty of the MC prediction.
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Figure 4: The ratio of the γ diﬀerential transverse momentum cross-section in an inclusive γ + jets, Njets ≥ 2 over γ + jets, Njets ≥ 1 and γ + jets,
Njets ≥ 3 over γ + jets, Njets ≥ 2 selection for central rapidity |yγ | < 1.4 in data compared with prediction from MadGraph5.1.3.30+Pythia6.4.26.
The hatched (grey) band represents the total uncertainty on the measurement, while the error bars show the statistical uncertainty. The shaded
bands around MC/data ratios of MadGraph and Sherpa represent the statistical uncertainty of the MC prediction.
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Figure 5: Diﬀerential cross-section ratio of leptonic Z over γ as a function of the total transverse momentum cross-section and for central bosons
(|yV | < 1.4), for the inclusive (Njets ≥ 1, Top Left), 2-jet (Njets ≥ 2, Bottom Left), 3-jet (Njets ≥ 3, Top right) and high HT (HT > 300 GeV, Bottom
Right) selections. The black error bars reﬂect the statistical uncertainty of the ratio, the hatched (grey) band represents the total uncertainty of the
measurement. The data points are compared to predictions from MadGraph5.1.3.30+Pythia6.4.26 using LO cross-sections for both processes. The
shaded band around the MadGraph to data ratio represents the statistical uncertainty of the MC prediction.
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